I. Introduction
A matter of timely concern is the harvesting of solar energy. In this aspect the smaller gas turbines are being sought after. The centrifugal compressor comes in as a good competitor to the axial flow machine, in that, compared to its axial counterpart, it is easier to produce and more compact. Of immediate concern is the development and design of the small compact compressors of high efficiency. Efficiencies of larger machines are of the order of 85%-95%; but however in the case of the smaller machines it becomes difficult in having matching diffusers for the highly efficient impeller.
Large amount of theoretical work have been reported widely across the globe; with both the RANS (Reynolds Navier Stokes) and CFD techniques suggesting improved design methods. The separation of the fluid on the suction side of the impeller vanes has been for long posing diffuser matching problems. Secondary flows in the impeller channels have been troubling aerodynamic calculations of the system. Splitter vanes and boundary layer fences have also been tried with little improvement.
Pfleiderer was the first perhaps, to enunciate the maintenance of the inlet angle of the impeller vanes to be 34 deg. to avoid shocks at inlet to the impeller. Stanitz using relaxation methods to analyze the non-viscous two dimensional through -flow through radial and logarithmic spiral vaned impellers arrived at an equation similar to Stodola's σ
Stanitz further observed that slip is unaffected by changes in impeller tip speed and compressibility, while for an impeller with constant cone angle, slip is only a function of the number of vanes.
Influence of Impeller Vane Exit Angle
It has been shown, that the energy transfer in a turbomachine impeller is essentially dependent on the magnitude of u 2 and c 2u for a given impeller tip speed, the blade specific work, W bl is proportional to c 2u and therefore a function of β 2 W bl = u 2 c 2u -u 1 c 1u (2) In the absence of prewhirl, i.e 
As a consequence of Eqn. (4) it can be shown that the energy transfer per stage is primarily a function of u 2 , c 2m and β 2 Fig.(4) shows the three types of impellers with different vane angles β 2 ′ . It should be borne in mind that this β 2 is the fluid angle at vane exit. An impeller with a backward swept vane (β 2 ′ < 90°) would have a falling characteristic, a radial vane (β 2 ′ = 90°) would have a level characteristic and that with a forward swept vane (β 2 ′ > 90°) an increasing characteristic. It can also be explained with the help of Eqn (6) that for a given speed 'n', the size of the impeller would increase as β 2 ′ decreases.
Fig. 4 Types of Vane Profiles One Dimensional Considerations for Maximum Through -Flow
The desired maximum capacity of a centrifugal machine is mostly dependent on the maximum inlet area that could be provided. At higher speeds and capacities the performance of centrifugal impellers decay rather rapidly due to the formation of compression shocks. The inducer is the most important component that needs to be designed very carefully to avoid Mach number peaks at impeller inlet. An inducer imparts a solid body rotation to the fluid at inlet.
Assuming an uniform inlet velocity distribution namely, c 1m ≠ f(r), and the flow to be compressible, then the volume flow at inlet could be represented as V = c 1m . A 1 = c 1m .π{r lt 2 − r lh 2 } 
Where 
The mass flow is a maximum when the right hand side of Eqn. (15) becomes maximum. 
The sonic velocity referred to inlet stagnation conditions is given by a 01 2 = k − 1 . c p . T 01 Hence, 
with no inlet prewhirl, the stage signation temperature rise is essentially a function of the impeller tip speed and slip. The ratio [u 2 / a o1 ] is termed the 'Mach Index' of the stage, and denoted as 'π m '.
Mach number at impeller exit
The absolute Mach number at impeller exit can be expressed as The absolute impeller Mach number is therefore for a given media, a function of the flow co-efficient and the vane angle at exit.
Stage Pressure Rise
The 
Eqn.(25) necessarily implies that the blade tip speed of a high pressure ratio centrifugal compressor must be high and if non-radial, the vanes would be subjected to large bending stresses as a result of centrifugal forces.
